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(54) Cleaned ink absorbing material and manufacturing method 



(57) Disclosed is an ink holding material (3) to be 
put in an ink tank (1 ) of an ink jet recording device, which 
is such that when it is extracted with pure water, the elec- 
trical conductivities and the surface tensions of the wa- 
ter before and after the extraction satisfy relationship 
d): 



350 £ yr/or - ys/os £ 0 

wherein yr represents the surface tension (mN/m) of 
pure water before extraction; or represents the electrical 
conductivity (mS/m) of pure water before extraction; ys 
represents the surface tension (mN/m) of pure water af- 
ter extraction; and 7s represents the electrical conduc- 
tivity (mS/m) of pure water after extraction. 
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D ription 

FIELD OF THE INVENTION 

s This invention relates to an ink holding material used in an ink cartridg of a high-definition and low-noise recording 

device, particularly an ink holding material put in an ink tank of an ink jet recording device which is used in such small- 
sized printers that users can exchange the ink jet cartridges. 

BACKGROUND OF THE INVENTION 

70 

Conventional integral ink jet cartridges and exchangeable ink jet cartridges of ink jet printers require a complicated 
valve system in order to prevent ink leaks from the pressure release valve open to the atmosphere in the case of the 
former cartridges or from the joint of the ink tank and the ink jet head in the case of the latter cartridges. Hence, it has 
been proposed to provide an ink holding member in an ink tank so as to avoid the above-mentioned problems of 
75 conventional ink tanks. 

Ink holding members which have hitherto been proposed for use in the inside of an ink tank include the foamed 
material disclosed in JP-A-63-87242 (the term "JP-A" as used herein means an "unexamined published Japanese 
patent application"), the member capable of retaining liquid disclosed in JP-A-2-514, the porous member disclosed in 
JP-A-2-34353 and JP-A-3-87266, the ink absorbing member disclosed in JP-A-3-1 36854, and the porous or fibrous 
20 material disclosed in JP-A-3-1 36861 . A kind of polyurethane sponge is known as a material of these ink holding mem- 
bers. 

In the production of the conventional ink holding member, foamed materials, such as polyurethane foam, easily 
provide a porous structure having uniform porosity and have excellent ink holding ability for some kinds of inks. How- 
ever, the foamed material is unsatisfactory as a means for efficiently furnishing ink to nozzles through which the ink is 
25 spouted. That is, the foamed material should be provided with a density gradient by, for example, mechanical com- 
pression so as to have such a shape that ink is easily transferred. Further, in cases where an ink holding member 
made of such a porous material has low wettability, ink filling at the time of shipping from factories is a time-consuming 
operation. 

In order to solve the above<Jescribed problems, it has been proposed to use general fibrous materials as ink 
30 holding material. A fibrous material can be provided with a density gradient so as to give excellent ink transfer properties 
by an easy operation of changing the fiber density when it is put in an ink tank. In addition, since a fibrous material can 
have a high porocity, it is easy to fill the fibrous ink holding member with ink even if the material has poor wettability. 

However, a fibrous material must be cut to an appropriate size before it is put in an ink tank. It follows that the fiber 
dust generated on cutting runs with ink and reaches the recording head, resulting in deterioration of ink jet properties. 
35 Means which have been taken against this problem include a filter, etc. which is provided between an ink tank and a 
recording head to inhibit the fiber dust from reaching the recording head. In addition to the above problem, natural 
fibers are associated with the disadvantage that various impurities inherent to natural fibers, such as fats and oils, run 
with ink or react with each other, resulting in deterioration of ink characteristics or ink jet properties. On the other hand, 
chemical fibers contain various additives added during the preparation, such as antistatic agents, smoothing agents, 
40 and emulsifying agents, affect the ink to cause deterioration of ink characteristics or ink jet properties. 

Accordingly, the present invention has been completed in the light of the above-mentioned problems of conven- 
tional techniques. 

SUMMARY OF THE INVENTION 

45 

An object of the present invention is to provide an ink holding material put in an ink tank of an ink jet recording 
device, which material has proper ink holding ability, makes it possible to efficiently supply the ink in the ink tank to 
nozzles for ink jet, and does not cause deterioration of ink characteristics or ink jet properties; and to provide a process 
for producing the material. 

so Another object of the invention is to provide an ink tank containing the aforesaid ink holding material, an ink jet 

recording device equipped with the ink tank, and an ink jet recording method. 

In order to accomplish the above objects, the inventors of the present invention have conducted extensive study 
on an ink holding material to be put in an ink tank of an ink jet recording device. As a result, they have found specific 
non woven fabric as a novel ink holding mat rial and thus reached the present invention, the nonwoven fabric having 
55 the following properties: when it is extract d with pure water, the water used for extraction has an lectrical conductivity 
and a surface tension both satisfying relationship (1) hereinafter described. 

The ink holding mat rial of th invention is to be put in an ink tank of an ink jet recording devic and comprises 
such nonwoven fabric that when it is xtracted with pure water, the electrical conductivities and the surface tensions 
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of the water before and after the extraction satisfy relationship (1): 

350 £ yr/or - ys/as £ 0 (1 ) 

5 

wherein yt represents the surface tension (mN/m) of pure water before extraction; or represents the electrical conduc- 
tivity (mS/m) of pure water before extraction; ys represents the surface tension (mN/m) of resultant water after extrac- 
tion; and as represents the electrical conductivity (mS/m) of resultant water after extraction. 

The extracting operation according to the present invention is carried out by immersing 2 g of an ink holding material 

io in 1 00 g of pure water having an electrical conductivity of not higher than 0.2 mS/m and a surface tension of not higher 
than 71 mN/m and centrif ugally separating the extractant from the ink holding material. The term "electrical conductivity" 
(hereinafter simply referred to as conductivity) as used herein means a value obtained by measurement with Model 
AOL 40 manufactured by Denki Kagaku Keiki K.K. at 23°C, and the term "surface tension" as used herein means a 
value obtained by measurement with Model CP VP -A3 (Wilhelmy's method) manufactured by Kyowa Kaimen Kagaku 

is K.K. at 23°C. 

The ink holding material of the invention can be prepared by cleaning untreated nonwoven fabric with liquid com- 
prising water as a main component. It can also be prepared by washing untreated nonwoven fabric at least once with 
liquid comprising water as a main component followed by further cleaning at least once with pure water. 

The ink tank of the ink jet recording device according to the present invention contains therein the above-mentioned 
20 jnk holding material. The ink jet recording device of the invention comprises an ink jet recording head and an ink tank 
for furnishing ink to the recording head, which is characterized in that the ink tank contains the above-mentioned ink 
holding material impregnated with an aqueous ink. 

The ink jet recording method according to the present invention comprises furnishing an aqueous ink from an ink 
tank containing the above-described ink holding material to an ink jet recording head and spouting the aqueous ink 
25 from the ink jet recording head. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of an ink jet recording device having an ink tank containing the ink holding material of 
30 the invention. 

Fig. 2 is a cross sectional view of Fig. 1 . 

DETAILED DESCRIPTION OF THE INVENTION 

35 The present invention will be described in detail. 

Known fibrous materials can be used for fabricating the nonwoven fabric of the invention. Specific but nonlimiting 
examples of useful fibrous materials include natural fibers, such as wool, cotton, and silk; chemical fibers, such as 
polyester, polyamide, polyacrylonitrile, polypropylene, and cellulose; and mixed fibrous materials thereof. The fibrous 
materials may contain filler(s) to control the fiber strength or surface conditions. Examples of the filler include titania, 

40 alumina, carbon black and silica. The filler may be used in an amount of 0. 1 to 1 0 wt% based on the ink holding material. 
From the standpoint of stability of product quality, chemical fibers are preferred. From the standpoint of heat stability, 
chemical stability and strength, polyester fibers are particularly preferred. 

The fibrous material preferably has a fiber length of 5 to 200 mm, still preferably 10 to 120 mm. If the fiber length 
is too short, the fiber dust generated on cutting increases. If it is too long, variations among individual products after 

45 cutting tend to occur. The fibrous material preferably has a fiber diameter of 0.5 to 10 denier, still preferably 0.5 to 8 
denier. If the fiber diameter is too small, the fiber strength is weak, making it difficult to provide a density gradient. If it 
is too large, the fiber density becomes high, resulting in reduction of ink holding capacity (the amount of ink which can 
be charged) or ink retention. While not limiting, the fibrous material preferably has a circular contour from the standpoint 
of breaking strength. 

so it is necessary to properly select the length, diameter, and contour of the fibers in accordance with the character- 

istics demanded of the ink holding material. 

Nonwoven fabric can be prepared from the fibrous materials by known techniques, such as stitch bonding, spun 
bonding, needle punching, resin bonding, and melt flow. Needle punching is preferred for simplicity of operation. 
The nonwoven fabric preferably has a density of 0.04 to 0.3 g/cm 3 , still preferably 0.06 to 0.15 g/cm 3 , under the 
55 condition that no load is impos d. At too tow a density, sufficient ink retention cannot be ensured. At too high a density, 
the amount of ink which can be charged is reduc d. 

Th ink holding material of the invention can be prepared by cleaning the nonwoven fabric as obtain d abov with 
liquid comprising water as a main component. A cleaning temperature preferably ranges from 40 to 80° C. At too low 
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a temperature, th cleaning ability tends to be reduced. At too high a temperatur , the workability is reduced. If the 
fibrous material composing the nonwov n fabric contains trace amounts of water-insoluble components, such as low- 
molecular weight compounds, the nonwov n fabric may be previously treated with an organic solvent, etc. if desired. 

The liquid comprising water as a main component to be used for cleaning may contain other components in addition 
to water. Examples of other components include ionic surface active agents, nonionic surface active agents, water- 
soluble organic solvents, and acidic or alkaline materials. Preferred of them are nonionic surface active agents, with 
ethylene oxide adducts being particularly preferred. The water-soluble organic solvents include alcohols, e.g., ethanol 
and diethylene glycol monobutyl ether (butyl carbitol); and polyols, e.g., ethylene glycol, diethylene glycol, polyethylene 
glycol, propylene glycol, and glycerol. The organic solvent may be mixed with water in a proportion of 0.01 to 45% by 
weight based on water. The (ionic or nonionic) surface active agent, may be used in an amount of 0.1 to 5 wt% based 
on water. The acid or alkaline material may be used in an amount of 0.1 to 5 wt% based on water. Materials to be 
added to the aqueous ink used can also be added to the cleaning liquid, which is recommended for excluding the 
interaction between the ink holding material and the aqueous ink on actual use for printing. The cleaning liquid may 
further contain bactericidal agents, antimicrobial agents, antifungals, sequestering agents, flocculants, and the like. 

While not limiting, cleaning of the nonwoven fabric can be carried out by repetition of immersion in the liquid 
comprising water as a main component with or without agitation and/or ultrasonication, followed by removal of the 
liquid remaining in the nonwoven fabric by compression, centrifugation, heat drying, vacuum drying, or the like oper- 
ation. 

That is, the ink holding material can be prepared by a process comprising the steps of immersing the untreated 
nonwoven fabric in the liquid comprising water as a main component with or without agitation and/or with or without 
ultrasonication (immersion step) and removing the liquid remaining in the nonwoven fabric by centrifugal force (liquid 
removal step). The immersion step and the liquid removal step are preferably repeated at least once again. 

After cleaning the untreated nonwoven fabric with liquid comprising water as a main component at least once, the 
nonwoven fabric may further be cleaned with pure water once or more times. More specifically, the ink holding material 
may be prepared by a process comprising the steps of immersing the untreated nonwoven fabric in the liquid comprising 
water as a main component with or without agitation and/or with or without ultrasonication, removing the liquid remaining 
in the nonwoven fabric by centrifugal force, immersing the thus treated nonwoven fabric in pure water with or without 
agitation and/or with or without ultrasonication, and removing the liquid remaining in the nonwoven fabric by centrifugal 
force. 

Further, the process may comprise repeating at least once the steps of immersing the untreated nonwoven fabric 
in the liquid comprising water as a main component with or without agitation and/or with or without ultrasonication and 
removing the liquid remaining in the nonwoven fabric by centrifugal force; and repeating at least once the steps of 
immersing the thus treated nonwoven fabric in pure water with or without agitation and/or with or without ultrasonication 
and removing the liquid remaining in the nonwoven fabric by centrifugal force. 

In the present invention, in addition to the nonwoven fabric, an ink holding material such as urethane foam, sponge 
or fabric may be also singly used as the ink material of the present invention, if it is processed in the same manner as 
in the nonwoven fabric described above to satisfy the above relationship (1 ). 

In the resulting ink holding material, it is essentially required that the nonwoven fabric be such that when it is 
extracted with pure water, the electrical conductivities and the surface tensions of the water before and after the ex- 
traction satisfy relationship (1 ) shown above. Should yr/ar - Ys/as be greater than 350, the ink jet stability is deteriorated 
to cause such troubles as poor directionality of ink jets from nozzles, failure of spouting ink jets from nozzles, and 
formation of deposits in the vicinities of the heat source. 

Recording heads which can be used in the ink jet recording devices of the invention include those of charge control 
system which make use of static attraction to spout aqueous ink jets, those of drop-on-demand system (pressure pulse 
system) which make use of the oscillating pressure of a piezoelectric element to spout aqueous ink jets, and those of 
thermal ink jet system in which bubbles are generated and grown by high temperature application and the resultant 
pressure is made use of to spout aqueous ink jets. The recording heads of thermal ink jet system are preferably used 
for their highly improved durability. 

The aqueous ink which can be used in the ink jet recording device of the invention essentially comprises water 
and a colorant. If desired, the aqueous ink may contain various additives, such as humectants, penetrants, surface 
active agents, dispersants, clathrate compounds, and the like. In particular, aqueous inks containing humectants or 
surface active agents are preferably used for their highly improved stability in jetting. Suitable humectants include 
polyols, such as ethylene glycol, diethylene glycol, polyethylene glycol, propylene glycol, and glycerol. Preferr d sur- 
face active agents include nonionic surfac active agents. 

When used in the ink tank of cartridge typ ink jet recording devices, the ink holding material of the invention holds 
an aqueous ink without leaks from the tank and properly furnishes the ink. Further, it can maintain ink jet prop rties in 
a stable manner without undergoing interaction with the aqueous ink which would cause deterioration of ink charac- 
teristics or ink jet properties. 
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The ink holding mat rial of the inv ntion is also applicable to ink jet r cording devices of the types that do not 
require aqueous ink retention. For example, it can b us d as a small part of the ink tank or the ink furnishing pas- 
sageway thereby to easily control th amount of ink f ed. 

s Examples: 

The present invention will now be illustrated in greater detail with reference to Examples and Comparative Exam- 
ples, but it should be understood that the invention is not construed as being limited thereto. 

The ink jet recording device shown in Figs. 1 and 2 comprises ink tank 1 for ink feed and recording head 2 for 
10 spouting ink jets. Ink tank 1 comprises a box as an outer wall in which ink holding material 3 is put. An aqueous ink is 
fed to ink holding material 3 to impregnate the material with the ink. Ink passageway 4 is provided in one side wall of 
the box, and recording head 2 is fitted to the outside of ink passageway 4. The recording head has an ink spouting 
surface having a large number of ink spouting nozzles. Numeral 6 is a vent hole open to the air. 

The above-described ink jet recording device is used with its ink holding material in ink tank 1 filled with ink. The 
is ink held by the ink holding material passes through ink passageway 4 through a filter, furnished to the ink spouting part 
of the recording head, and spouted from nozzles 5 in accordance with ink jet signals. 

The pure water used in Examples and Comparative Examples had an electrical conductivity (or) of 0.10 mS/m 
and a surface tension fyr) of 72.5 mN/m, both as measured at 23° C. 

20 EXAMPLE 1 

Nonwoven fabric having a basis weight of 900 g/m 2 and a thickness (as allowed to stand) of 15 mm was obtained 
by mechanically binding fibers of an aggregate of polyester fibers (1 .5 denier; length: 60 mm) by needle punching. The 
nonwoven fabric was cut to an appropriate size fit to an ink tank. 
25 The nonwoven fabric was immersed in pure water with agitation. After the nonwoven fabric was taken out of water, 

the water remaining therein was centrifugally removed. The immersion in water and removal of water were repeated 
once to obtain an ink holding material. 

EXAMPLE 2 

30 

The same cut piece of nonwoven fabric as used in Example 1 was immersed in pure water with agitation and the 
water remaining therein was centrifugally removed. The immersion in water and removal of water were repeated 4 
times to obtain an ink holding material. 

35 EXAMPLE 3 

The same cut piece of nonwoven fabric as used in Example 1 was immersed in a 1 wt% aqueous solution of 
polyoxyethylene alkylnonyl ether with agitation, and the solution remaining in the nonwoven fabric was removed by 
centrifugation. The resulting nonwoven fabric was further immersed in pure water with agitation, and the water remain- 
40 ing therein was centrifugally removed. The immersion in pure water and the subsequent water removal were repeated 
once to obtain an ink holding material. 

EXAMPLE 4 

45 The same cut piece of nonwoven fabric as used in Example 1 was immersed in a 1 wt% aqueous solution of 

polyoxyethylene alkylnonyl ether with agitation, and the solution remaining in the nonwoven fabric was removed by 
centrifugation. The resulting nonwoven fabric was further immersed in pure water with agitation, and the water remain- 
ing therein was centrifugally removed. The immersion in pure water and the subsequent water removal were repeated 
4 times in total to obtain an ink holding material. 

so 

EXAMPLE 5 

The same cut piece of nonwoven fabric as used in Example 1 was immersed in a 20 wt% aqueous solution of 
thyl alcohol with agitation, and the solution remaining in the nonwoven fabric was removed by centrifugation. The 
ss resulting nonwoven fabric was further immersed in pur water with agitation, and the water remaining th rein was 
centrifugally remov d. The immersion in pur wat r and the subsequent water removal wer repeated once to obtain 
an ink holding material. 
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EXAMPLE 6 

Th sam cut piece of nonwoven fabric as used in Example 1 was immersed in a 20 wt% aqueous solution of 
ethyl alcohol with agitation, and the solution remaining in the nonwoven fabric was removed by centrifugation. The 
resulting nonwoven fabric was further immersed in pure water with agitation, and the water remaining therein was 
centrif ugally removed. The immersion in pure water and the subsequent water removal were repeated 4 times to obtain 
an ink holding material. 

EXAMPLE 7 

Nonwoven fabric having a basis weight of 1 ,000 g/m 2 and a thickness (as allowed to stand) of 1 7 mm was obtained 
by mechanically binding fibers of an aggregate of polyamide fibers (2.0 denier; length: 70 mm) by needle punching. 
The nonwoven fabric was cut to an appropriate size fit to an ink tank. 

The resulting nonwoven fabric was treated in the same manner as in Example 4 to obtain an ink holding material. 

EXAMPLE 8 

Nonwoven fabric having a basis weight of 900 g/m 2 and a thickness (as allowed to stand) of 16 mm was obtained 
by mechanically binding fibers of an aggregate of acrylonitrile fibers (1 .5 denier; length: 70 mm) by needle punching. 
The nonwoven fabric was cut to an appropriate size fit to an ink tank. 

The resulting nonwoven fabric was treated in the same manner as in Example 4 to obtain an ink holding material. 

EXAMPLE 9 

Nonwoven fabric having a basis weight of 1 , 1 00 g/m 2 and a thickness (as allowed to stand) of 1 5 mm was obtained 
by mechanically binding fibers of an aggregate of polypropylene fibers (2.0 denier; length: 60 mm) by needle punching. 
The nonwoven fabric was cut to an appropriate size fit to an ink tank. 

The resulting nonwoven fabric was treated in the same manner as in Example 4 to obtain an ink holding material. 

EXAMPLE 10 

Nonwoven fabric having a basis weight of 1 , 1 00 g/m 2 and a thickness (as allowed to stand) of 1 7 mm was obtained 
by mechanically binding fibers of an aggregate of cellulose fibers (2.0 denier; length: 70 mm) by needle punching. The 
nonwoven fabric was cut to an appropriate size fit to an ink tank. 

The resulting nonwoven fabric was treated in the same manner as in Example 2 to obtain an ink holding material. 

EXAMPLE 11 

Nonwoven fabric having a basis weight of 1 000 g/m 2 and a thickness (as allowed to stand) of 1 7 mm was obtained 
by mechanically binding fibers of an aggregate of polyaramid fibers (1.5 denier; length: 80 mm) by needle punching. 
The nonwoven fabric was cut to an appropriate size fit to an ink tank. 

The resulting nonwoven fabric was treated in the same manner as in Example 2 to obtain an ink holding material. 

EXAMPLE 12 

The same cut piece of nonwoven fabric as used in Example 1 was immersed in an aqueous solution having the 
following composition with agitation, and the solution remaining in the nonwoven fabric was removed by centrifugation. 
The resulting nonwoven fabric was further immersed in pure water with agitation, and the water remaining therein was 
centrif ugally removed. The immersion in pure water and the subsequent water removal were repeated 4 times to obtain 
an ink holding material. 



Diethylene glycol 


20.00 wt% 


Ethyl alcohol 


4.00 wt% 


Polyoxyethylen laury I ether (1 0 mole adduct) 


0.05 wt% 


Pur water 


75.95 wt% 
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EXAMPLE 13 



The same cut piece of non woven fabric as used in Example 1 was immersed in an aqueous solution having th 
following composition with agitation, and the solution remaining in the nonwoven fabric was removed by centrif ugation. 
s The resulting nonwoven fabric was further immersed in pure water with agitation, and the water r maining therein was 
centrif ugally removed. Trie immersion in pure water and the subsequent water removal were repeated 4 times to obtain 
an ink holding material. 



Glycerol 


15.0 


wt% 


Butyl carbitol 


3.0 


wt% 


Direct Black 168 


2.0 


wt% 


Pure water 


80.0 


wt% 



1S EXAMPLE 14 

The same cut piece of nonwoven fabric as used in Example 1 was immersed in pure water at 70°C with agitation, 
and the water remaining in the nonwoven fabric was removed by centrif ugation. The immersion water and the subse- 
quent water removal were repeated twice to obtain an ink holding material. 

20 

COMPARATIVE EXAMPLE 1 

Nonwoven fabric having a basis weight of 900 g/m 2 and a thickness (as allowed to stand) of 15 mm was obtained 
by mechanically binding fibers of an aggregate of polyester fibers (1 .5 denier; length: 60 mm) by needle punching. The 
2S nonwoven fabric was cut to an appropriate size fit to an ink tank to prepare an ink holding material. 

COMPARATIVE EXAMPLE 2 

Nonwoven fabric having a basis weight of 1 ,000 g/m 2 and a thickness (as allowed to stand) of 1 7 mm was obtained 
30 by mechanically binding fibers of an aggregate of polyamide fibers (2.0 denier; length: 70 mm) by needle punching. 
The nonwoven fabric was cut to an appropriate size fit to an ink tank to prepare an ink holding material. 

COMPARATIVE EXAMPLE 3 

3S Nonwoven fabric having a basis weight of 900 g/m 2 and a thickness (as allowed to stand) of 16 mm was obtained 

by mechanically binding fibers of an aggregate of acrylonitrile fibers (1 .5 denier; length: 70 mm) by needle punching. 
The nonwoven fabric was cut to an appropriate size fit to an ink tank to prepare an ink holding material. 

COMPARATIVE EXAMPLE 4 

40 

Nonwoven fabric having a basis weight of 1 , 1 00 g/m 2 and a thickness (as allowed to stand) of 1 5 mm was obtained 
by mechanically binding fibers of an aggregate of polypropylene fibers (2.0 denier; length: 60 mm) by needle punching. 
The nonwoven fabric was cut to an appropriate size fit to an ink tank to prepare an ink holding material. 

4S COMPARATIVE EXAMPLE 5 

Nonwoven fabric having a basis weight of 1 , 1 00 g/m 2 and a thickness (as allowed to stand) of 1 7 mm was obtained 
by mechanically binding fibers of an aggregate of cellulose fibers (2.0 denier; length: 70 mm) by needle punching. The 
nonwoven fabric was cut to an appropriate size fit to an ink tank to prepare an ink holding material. 
50 Each of the ink holding materials obtained in Examples 1 to 14 and comparative examples 1 to 5 was extracted 

with pure water. The results of measurement are shown in Table 1 below. 



TABLE 1 





ys (mN/m) 


as (mS/m) 


75/os^ys/as 


Example 1 


72.3 


0.19 


344 


Example 2 


72.4 


0.13 


168 


Example 3 


69.5 


0.15 


262 
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TABLE 1 (continued) 





7S (mN/m) 


as (mS/m) 


ys/os^fs/os 


Example 4 


72.1 


0.12 


124 


Example 5 


71.2 


0.16 


280 


• Example 6 


72.2 


0.11 


69 


Example 7 


72.1 


0.15 


244 


Example 8 


72.3 


0.12 


123 


Example 9 


72.4 


0.11 


67 


Example 10 


72.0 


0.15 


245 


Example 11 


72.1 


0.14 


210 


Example 12 


71.5 


0.15 


248 


Example 13 


71.2 


0.17 


306 


Example 14 


72.4 


0.15 


242 


Comparative Example 1 


62.1 


1.07 


667 


Comparative Example 2 


65.7 


0.72 


634 


Comparative Example 3 


62.5 


0.32 


530 


Comparative Example 4 


68.1 


0.25 


453 


Comparative Example 5 


61.9 


0.77 


645 



Each of the ink holding materials of Examples 1 to 14 and Comparative Examples 1 to 5 was put in an ink tank 
and tested for (1 ) ink jet stability, (2) formation of deposit in the vicinities of the heat source, and (3) ink jet stability after 
storage. The results obtained are shown in Tables 2 and 3 below. 

The tests (1) to (3) were carried out using a printer equipped with the ink jet recording head described below and 
an aqueous ink having the following formulation. 



Aqueous Ink: 

30 



Direct Black 168 


3.50 wt% 


Diethylene glycol 


20.00 wt% 


Ethyl alcohol 


4.00 wt% 


Polyoxyethylene lauryl ether (10 mole adduct) 


0.05 wt% 


Pure water 


72.45 wt% 



Ink Jet Recording Head: 

Thermal ink jet system (1 28 nozzles made by chemical treatment of silicone) 
Driving frequency: 4 kHz 

1) Inkjet stability: 

A continuous ink jet test was carried out at 20°C and 50% RH until the rate of ink use reached 80%. Occurrence 
of failure of ink spouting through nozzles and occurrence of poor directionality of the ink jets were observed. 

2) Deposit in the vicinities of heat source: 

After the ink jet stability test (1 ), the ink jet recording head was taken apart to observe whether any deposit was 
formed in the vicinities of the heat source under an optical microscope. 

3) Ink jet stability after storage: 

An ink tank containing the ink holding material impregnat d with the ink was put in a closed container and stored 
at 60°C for 30 days and then subjected to the test (1). 
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TABLE 3 





InkJet Stability After Storage 


Example 1 


satisfactory till 80% ink use 


Example 2 


satisfactory till 80% ink use 


Example 3 


satisfactory till 80% ink use 


Example 4 


satisfactory till 80% ink use 


Example 5 


satisfactory till 80% ink use 


Example 6 


satisfactory till 80% ink use 


Example 7 


satisfactory till 80% ink use 


Example 8 


e?otiof o^t/^vrw till Qf\0/ inl/ I |AA 

ociusiciciory nil ou/o in iv use 


CXcuTipie » 


caticfaotrtn/ till Qfi^£. in If i ico 
oaUoidUKJi y nil ou /o if lis. uoo 


Cvamnlo 1 C\ 
CACMIIfJlU IU 


catiQfaftnru till RH 0 /* ink nco 
ogilioiciului y uu ou /o 11 1 fv uoo 


CXampio I I 


caticfaptnn/ till &C\%* inlf tico 
ociiioiaULui y nil ou /o nit\ uoo 


Example 12 


satisfactory till 80% ink use 


Pyamnla 1 3 


satisfactory till 80% ink use 


Example 14 


satisfactory till 80% ink use 


Comparative Example 1 


poor directionality of the ink jets observed at 15% ink use, and failure of ink spouting 
through nozzles observed at 60% ink use 


Comparative Example 2 


failure of ink spouting through nozzles observed at 20% ink use 


Comparative Example 3 


failure of ink spouting through nozzles observed at 40% ink use 


Comparative Example 4 


failure of ink spouting through nozzles observed at 50% ink use 


Comparative Example 5 


poor directionality of the ink jets observed at 10% ink use, and failure of ink spouting 
through nozzles observed at 40% ink use 



Having the above-described constitution, the ink holding material of the invention possesses appropriate ink hold- 
ing ability without causing deterioration of ink characteristics or ink jet properties and thereby makes it possible to 
efficiently furnish an aqueous ink in an ink tank to nozzles through which ink jets are spouted. Therefore, an ink jet 
recording device equipped with an ink tank containing the ink holding material can maintain stable ink jet properties 
and can make effective use of the aqueous ink. 

While the invention has been described in detail and with reference to specific examples thereof, it will be apparent 
to one skilled in the art-that various changes and modifications can be made therein without departing from the spirit 
and scope thereof. 

Claims 

1 . An ink holding material to be put in an ink tank of an ink jet recording device, which is such that when it is extracted 
with pure water, the electrical conductivities and the surface tensions of the water before and after the extraction 
satisfy relationship (1): 

350 £ yr/ar - ys/os 2 0 (1) 

wherein yr represents the surface tension (mN/m) of pure water before extraction; or represents the electrical 
conductivity (mS/m) of pure water before extraction; ys represents the surface tension (mN/m) of pure water after 
extraction; and as represents the electrical conductivity (mS/m) of pure water after extraction. 

2. The ink holding material according to claim 1 , which comprises nonwoven fabric. 

3. The ink holding material according to claim 2, wherein the nonwoven fabric comprises chemical fiber as a main 
component. 

4. A process for producing an ink holding material to be put in an ink tank of an ink jet recording device, which 
comprises the step of cleaning an untreat d ink holding material with liquid comprising water as a main component 
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to prepare such ink holding material that when it is extracted with pure water, th electrical conductiviti s and th 
surface tensions of the water before and after the extraction satisfy relationship (1 ): 

350 £ yr/ar - ys/as £ 0 (1) 

wherein yr represents the surface tension (mN/m) of pure water before extraction; or represents the electrical 
conductivity (mS/m) of pure water before extraction; 7s represents the surface tension (mN/m) of pure water after 
extraction; and os represents the electrical conductivity (mS/m) of pure water after extraction. 

5. The process for producing an ink holding material according to claim 4, wherein the cleaning step comprises the 
steps of: 

(i) immersing the untreated ink holding material in the liquid comprising water as a main component with or 
without agitation and/or with or without ultrasonication to prepare an immersed ink holding material and 

(ii) removing the liquid remaining in the immersed ink holding material by centrifugal force, 

(iii) repeating the immersing step (i) and the removing step (ii) at least once. 

6. The process for producing an ink holding material according to claim 4, wherein the cleaning step comprises 
cleaning the untreated ink holding material with the liquid comprising water as a main component to prepare a 
treated ink holding material at least once and then cleaning the treated ink holding material with pure water at least 
once. 

7. The process for producing an ink holding material according to claim 4, wherein the cleaning step comprises the 
steps of: 

(i) immersing the untreated ink holding material in the liquid comprising water as a main component with or 
without agitation and/or with or without ultrasonication to prepare a first immersed ink holding material; 

(ii) removing the liquid remaining in the first immersed ink holding material by centrifugal force to prepare a 
liquid-removed ink holding material; 

(iii) immersing the liquid-removed ink holding material in pure water with or without agitation and/or with or 
without ultrasonication to prepare a second immersed ink holding material; and 

(iv) removing the liquid remaining in the second immersed ink holding material by centrifugal force. 

8. The process for producing an ink holding material according to claim 4, wherein the cleaning step comprises the 
steps of: 

(i) immersing the untreated ink holding material in the liquid comprising water as a main component with or 
without agitation and/or with or without ultrasonication to prepare a first immersed ink holding material; 

(ii) removing the liquid remaining in the first immersed ink holding material by centrifugal force; 

(iii) repeating the immersing step (i) and the removing step (ii) at least once to prepare a liquid-treated ink 
holding material; 

(iv) immersing the liquid-treated ink holding material in pure water with or without agitation and/or with or 
without ultrasonication to prepare a second immersed ink holding material; 

(v) removing the liquid remaining in the second immersed ink holding material by centrifugal force to prepare 
a liquid -removed ink holding material; and 

(vi) repeating the immersing step (iv) and the removing step (v). 

9. The process for producing an ink holding material according to claim 4, wherein the ink holding material comprises 
non woven fabric. 

10. The process for producing an ink holding material according to claim 9, wherein the nonwoven fabric comprises 
chemical fiber as a main component. 

11. An ink tank of an ink jet recording device, the ink tank containing an ink holding material impregnated with an 
aqueous ink, wherein the ink holding material is such that when it is extracted with pure water, the electrical con- 
ductivities and the surface tensbns of the water before and after th xtraction satisfy relationship (1 ): 
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350 £ yr/ot - ys/as £ 0 (1) 

wherein yr repres nts the surfac tension (mN/m) of pure water before extraction; or repres nts the lectrical 
5 conductivity (mS/m) pf pure water before extraction; 7s represents the surface tension (mN/m) of pure water after 

extraction; and os represents the electrical conductivity (mS/m) of pure water after extraction. 

12. The ink tank according to claim 11 , wherein the ink holding material comprises nonwoven fabric. 

10 13. The ink tank according to claim 12, wherein the nonwoven fabric comprises chemical fiber as a main component. 

14. An ink jet recording method comprising furnishing an aqueous ink from an ink tank to an ink jet recording head, 
wherein the ink tank includes an ink holding material impregnated with the aqueous ink, and the ink holding material 
is such that when it is extracted with pure water, the electrical conductivities and the surface tensions of the water 
is before and after the extraction satisfy relationship (1 ): 

350 £ yr/ar - ys/os £ 0 (1) 

20 wherein yr represents the surface tension (mN/m) of pure water before extraction; ar represents the electrical 

conductivity (mS/m) of pure water before extraction; ys represents the surface tension (mN/m) of pure water after 
extraction; and as represents the electrical conductivity (mS/m) of pure water after extraction. 
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15. The ink jet recording method according to claim 14, wherein the ink holding material comprises nonwoven fabric. 

16. The ink jet recording method according to claim 15, wherein the nonwoven fabric comprises chemical fiber as a 
main component. 
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FIG. 2 
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